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This mvention relates to a novel polymerization initiator
capable of introducing an active amino proton into a poly-
merization starting terminal without losing polymerization
activity, and a novel modified conjugated diene polymer
being excellent in the interaction with a filler and capable of
improving a low heat buildup of a rubber composition, and
more particularly to a polymerization initiator being a
diamine compound in which one amino group 1s protected
with a silylating agent and an active proton of the other amino
group 1s replaced with an alkali metal or an alkaline earth
metal, and a modified conjugated diene polymer which can be
produced by using such a polymerization initiator and 1s a
homopolymer of a conjugated diene compound or a copoly-
mer of a conjugated diene compound and an aromatic vinyl
compound and has a residue derived from a diamine com-
pound at i1ts polymerization starting terminal.
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SILYL-DIAMINE INITIATORS FOR ANIONIC
POLYMERIZATION OF 1,3-BUTADIENE AND
STYRENE, AND RUBBER COMPOSITIONS

TECHNICAL FIELD

This invention relates to a modified conjugated diene poly-
mer and a method of producing the same, a polymerization
initiator used for this production method and a method of
producing the same, and a rubber composition using such a
modified conjugated diene polymer, and more particularly to
anovel modified conjugated diene polymer being excellent 1in
the interaction with a filler and capable of improving a low
heat buildup of a rubber composition.

RELATED ART

Recently, 1t 1s strongly demanded to reduce a fuel con-
sumption of an automobile accompanied with the rise of
interests on the environmental problems. In order to cope with
such a demand, 1t1s demanded to reduce the rolling resistance
as a tire performance. As a means for reducing the rolling
resistance of the tire, there has hitherto been examined a
method of optimizing the tire structure, but it 1s most gener-
ally attempted to use a rubber composition having a low heat
buildup as a rubber composition applied to the tire at the
present.

In order to obtain the rubber composition having a low heat
buildup, 1t 1s effective to enhance the dispersibility of a filler
in the rubber composition, and 1t 1s very effective to use a
modified conjugated diene polymer, which 1s formed by
introducing a functional group capable of interacting with the
filler into a polymerization active site of a conjugated diene
polymer having a polymerization active terminal, as a rubber
component of the rubber composition.

Also, 1t 1s known that the performances of the rubber com-
position on a wet road surface can be largely improved by
using an 1inorganic filler such as silica or the like together with
carbon black as the filler. For this end, the amount of silica
compounded 1n the rubber composition imncreases nowadays,
and hence 1t 1s demanded to develop a modified conjugated
diene polymer indicating a high interaction with not only
carbon black but also the 1norganic filler such as silica or the
like.

As such a modified conjugated diene polymer are men-
tioned both terminal-modified polymers produced by using a
modification mitiator and a terminal modifying agent. In the
both terminal modified polymers, however, there 1s a problem
that the technical difficulty of the modification starting tech-
nique for mtroducing the functional group into the polymer-
ization starting terminal 1s higher as compared with the ter-
minal modification technique for utilizing the polymerization
active terminal for the introduction of the functional group.
For this end, the existing modification initiators are critical in
a point of molecule design, and there 1s a rare case satisiying
the desired performances. Particularly, there 1s no modifica-
tion 1nitiator developing suificient performances for silica at
the present time.

For example, there 1s known a technique using an organotin
lithium as an mitiator. However, the rubber composition using
the modified conjugated diene polymer obtained by this tech-
nique develops an excellent effect when carbon black 1s used
as the filler, but 1s less 1n the effect when silica 1s used as the

filler.

There 1s also known a technique using an imitiator obtained
by acting an organic alkali metal compound to a dialkylamine
compound or a dialkylamino-substituted styrene compound.

10

15

20

25

30

35

40

45

50

55

60

65

2

However, the rubber composition using the modified conju-
gated diene polymer obtained by this technique somewhat
develops the effect when silica 1s used as the filler, but the
elfect when carbon black 1s used as the filler 1s fairly poor as
compared with the rubber composition using the modified

conjugated diene polymer obtained by using the organotin
lithium as the 1nitiator.

Further, there 1s a method using an ether compound, butthe

suificiently high interaction to both of carbon black and silica
can not be desired.

On the other hand, it 1s known that a modified conjugated
diene polymer having a primary or secondary amino group
provided at a terminal with an active amino proton through a
technique on a terminal modifying agent such as 1,3-dimeth-
ylimidazolidinone, aminoalkoxy silane or the like indicates
an excellent interaction to both of carbon black and silica (see
JP-B-H06-18801).

As the technique of mtroducing the functional group into
the polymerization starting terminal 1s known a method of
replacing a secondary amino proton ol piperidine with
lithium for use 1n the polymerization reaction. In this method,

the secondary amino proton 1s converted into a polymeriza-
tion active point, so that the active amino proton is not existent
in the resulting polymer (see JP-A-H06-211915, JP-A-HOS-
225604 and JP-A-HO08-231658). On the other hand, a high-
order associated body 1s formed 1n the simple replacement
with lithium on a diamine compound such as piperazine or the
like to produce only an nsoluble solid, which does not 1ndi-
cate the polymerization activity. Therefore, there 1s not
known a modification initiator capable of introducing an
active amino proton into a polymerization starting terminal
without losing the polymerization activity.

DISCLOSURE OF THE INVENTION

It 1s, therefore, an object of the invention to solve the above
problems of the conventional techniques and to provide a
novel polymerization imtiator capable of introducing the
active amino proton into the polymerization starting terminal
without losing the polymerization activity. It 1s another object
ol the mnvention to provide a novel modified conjugated diene
polymer produced by using such a polymerization initiator
and being excellent 1n the interaction with a filler and capable
of improving a low heat buildup of a rubber composition.
Further, 1t 1s the other object of the mvention to provide a
method of producing the above modified conjugated diene
polymer and polymerization initiator. Moreover, it 1s a still
turther object of the 1invention to provide a rubber composi-
tion 1ncluding the above modified conjugated diene polymer
and having an excellent low heat buildup.

-

I'he inventors have made various studies 1n order to achieve
the above objects and found that a conjugated diene com-
pound and an aromatic vinyl compound can be polymerized
without losing the polymerization activity by protecting one
amine of a diamine compound having two amino groups with
an active amino proton with a silylating agent and thereafter
adding an organolithium compound or the like and using as a
polymerization nitiator the aforementioned polymerization
initiator and further the active amino proton can be introduced
into a polymerization starting terminal of the polymer, and as
a result, the invention has been accomplished.

That 1s, the modified conjugated diene polymer according,
to the mmvention 1s a homopolymer of a conjugated diene
compound or a copolymer of a conjugated diene compound
and an aromatic vinyl compound, and 1s characterized by the
tollowing formula (I):
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(D)

R/ RZ
\ /
N—R?*—N
/ \
v! Poly-Z

(wherein R' and R* are independently an alkyl or aryl group
having a carbon number of 1-20, a substituted silyl group or a
hydrogen atom; R” is an alkylene or arylene group having a
carbon number of 1-12 provided that 1t may include a hetero
atom unless it has not an active proton;Y" is a substituted silyl
group or a hydrogen atom; a part of R', R*, R’ andY"' may be
bonded to each other to form a cyclic structure; Poly 15 a
homopolymer part of a conjugated diene compound or a
copolymer portion of a conjugated diene compound and an
aromatic vinyl compound; Z' is an alkali metal or an alkaline
carth metal, or a residue produced by reacting with a carban-
1on reactive compound, or a hydrogen atom). In the formula
(I), R* is preferable to be an alkyl or aryl group having a
carbon number of 1-20.

In a preferable embodiment of the modified conjugated
diene polymer according to the invention, the conjugated
diene compound 1s 1,3-butadiene or isoprene, and the aro-
matic vinyl compound 1s styrene. Moreover, the modified
conjugated diene polymer according to the invention is pret-
erable to be a copolymer of the above conjugated diene com-
pound and the above aromatic vinyl compound.

The modified conjugated diene polymer according to the

invention 1s preferable to have a Mooney viscosity ML, _
(100° C.) of 10-150.

In the modified conjugated diene polymer according to the
invention, 1t 1s preferable that the modified conjugated diene
polymer wherein Z' in the formula (1) is an alkali metal or an
alkaline earth metal 1s modified with a carbanion reactive
compound. In this case, Z' in the formula (I) is a residue
produced by reacting with the carbanion reactive compound.
As the carbonion reactive compound used 1n the modification
are prelerable a compound including at least one of C—=X (X
1s O, S or C) and an epoxy group as a carbanion reaction site
and a nitrogen-containing functional group, a silicon-con-
taining compound, and a tin-containing compound.

As the compound including at least one of C—X and an
epoXy group as a carbanion reaction site and a nitrogen-
containing functional group are preferable 4-dimethylamino
benzophenone, 4-diethylamino benzophenone, 4,4'-bis(dim-
cthylamino)benzophenone, 4.4'-bi1s(diethylamino)ben-
zophenone, 4-dimethylamino benzaldehyde, 4-diethylamino
benzaldehyde,  1,1-bis(4-dimethylaminophenyl)ethylene,
1,1-bis(4-diethylaminophenyl)ethylene, 1,1-dimethoxy tri-
methylamine, 4-dimethylaminobenzylidene aniline, N,N-
dimethylformamide, N,N-diethylformamide, N,N-dimethy-
lacetamide, N,N-diethylacetamide, 4-pyridylamide,
4-pyridyl-ethylencoxide, 4-vinylpyridine, 2-vinylpyridine,
dicyclohexyl carbodiimide, e-caprolactam, N-methyl-e-ca-
prolactam, 1,3-dimethyl-2-imidazolidinone, N-methylpyr-
rolidone, phenylisocyanate, phenylthioisocyanate and diiso-
cyanate diphenylmethane. Further, 4,4'-bis(dimethylamino)
benzophenone, 4-vinylpyridine and 1,3-dimethyl-2-
imidazolidinone are preferable.

As the silicon-containing compound and the tin-containing
compound used 1n the modification 1s preferable a coupling
agent represented by the following formula (1I):

R* 7°X!, (1)
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(wherein R* is independently selected from an alkyl group
having a carbon number of 1-20, a cycloalkyl group having a
carbon number of 3-20, an aryl group having a carbon number
of 6-20 and an aralkyl group having a carbon number of 7-20;
77 is tin or silicon atom; X' is independently chlorine or

bromine atom; and a 1s an integer of 0-3 and b 1s an integer of
1-4 provided that a+b=4).

As the silicon-containing compound used in the modifica-
tion are preferable a hydrocarbyloxysilane compound repre-
sented by the following formula (I11I):

(I10)
Al - RS

/Si — (OR )3,

R®.

[wherein A" is a monovalent group having at least one func-
tional group selected from (thio)epoxy, (thio)isocyanate,
(thio)ketone, (thio)aldehyde, imine, amide, 1socyanuric acid
triester, (thio)carboxylic acid hydrocarbylester, ametal salt of
(thio)carboxylic acid, carboxylic anhydride, a halide of car-
boxylic acid, carbonic acid dihydrocarbylester, cyclic tertiary
amine, non-cyclic tertiary amine, nitrile, pyridine, sulfide,
multi-sulfide, an alkali metal salt of amine, al alkaline earth
metal salt of amine, silazane and disilazane; R” is a single
bond or a divalent inactive hydrocarbon group; R® and R’ are
independently a monovalent aliphatic hydrocarbon group
having a carbon number of 1-20 or a monovalent aromatic
hydrocarbon group having a carbon number of 6-18; n 1s an
integer of 0-2; when plural OR’s are existent, these OR’s may
be same or different; active proton and onium salt 1s not
included in the molecule] and a partial condensate thereof,
and a hydrocarbyloxysilane compound represented by the
following formula (IV): Rgp—Si—(OR9)4_pj ... (V)
(wherein R® and R” are independently a monovalent aliphatic
hydrocarbon group having a carbon number of 1-20 or a
monovalent aromatic hydrocarbon group having a carbon
number of 6-18; p is an integer of 0-2; when plural OR’s are
existent, these OR”s may be same or different; active proton
and onium salt 1s not included 1n the molecule) and a partial
condensate thereof.

As the modified conjugated diene polymer according to the
invention 1s preferable a modified conjugated diene polymer
formed by further modifying the modified conjugated diene
polymer wherein Y' in the formula (I) is a hydrogen atom

with at least one of a compound having an 1socyanate group
and a condensate thereof.

Also, the polymerization initiator according to the mven-
tion 1s characterized by the following formula (V):

ol o2 (V)
\ /
N—R’—N
/ \
Y2 M

(wherein R', R® and R” are the same meaning as mentioned
above; Y~ is a substituted silyl group; a part of R', R*, R and
Y~ may be bonded to each other to form a cyclic structure; M*
1s an alkal1 metal or an alkaline earth metal).

Furthermore, the production method of the polymerization
initiator according to the invention can use the generally
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known silylation conditions. That 1s, the method of producing,
the polymerization mnitiator according to the invention 1s
characterized 1n that (1) a diamine compound represented by
the following formula (VI):

(VD)

R/ R?
\ /
N—R’— N\

H/ H

(wherein R' and R* are independently an alkyl or aryl group
having a carbon number of 1-20 or a hydrogen atom; R” is the
same meaning as mentioned above; a part of R', R® and R”
may be bonded to each other to form a cyclic structure) 1s

added with a silyl compound preferably represented by the
following formula (VII):

Y?—X? (VID)
(wherein Y~ is the same meaning as mentioned above; X~ is
one selected from a halogen atom, a thioalkyl group having a
carbon number of 1-20, cyano group and trifluoromethylsul-
tonyl group, preferably a halogen atom) to form a silylated

diamine compound represented by the following formula
(VIID):

(VIII)

R! R?
\ /
N—R’—N
/ \
Y2 H

(wherein R', R®, R” and Y~ are the same meaning as men-
tioned above; a part of R', R*, R® and Y* may be bonded to
cach other to form a cyclic structure);

(11) the said silylated diamine compound 1s added with an
organic alkali metal compound or an organic alkaline earth
metal compound to form a polymerization nitiator repre-
sented by the formula (V). Moreover, in the formation of the
polymerization imnitiator of the formula (V), the silylated
diamine compound of the formula (VIII) may be used after
the purification by a proper method, or a crude reaction prod-
uct solution of the silylated diamine compound of the formula
(VIII) may be used as it 1s.

Also, a first production method of the modified conjugated
diene polymer according to the invention 1s characterized 1n
that (1) the diamine compound of the formula (VI) 1s added
with the silyl compound of the formula (VII) to form a sily-
lated diamine compound of the formula (VIII);

(11) the silylated diamine compound i1s added with the
organic alkali metal compound or the organic alkaline earth

metal compound to form the polymerization initiator of the
formula (V); and

(111) the polymerization initiator 1s used to polymerize a
conjugated diene compound or polymerize a conjugated
diene compound and aromatic vinyl compound. Moreover, 1n
the formation of the polymerization mitiator of the formula
(V), the silylated diamine compound of the formula (VIII)
may be used after the punification by a proper method, or a

crude reaction product solution of the silylated diamine com-
pound of the formula (VIII) may be used as it 1s.

A second production method of the modified conjugated
diene polymer according to the invention 1s characterized 1n
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6

that (1) the diamine compound of the formula (VI) 1s added
with the silyl compound of the formula (VII) to form a sily-
lated diamine compound of the formula (VIII);

(11) the silylated diamine compound i1s added with the
organic alkali metal compound or the organic alkaline earth
metal compound to form the polymerization initiator of the
formula (V);

(111) the polymerization initiator 1s added to a solution
containing a conjugated diene compound to produce a low
molecular weight polymer represented by the following for-

mula (IX):

(IX)

R! R2
\ /
N—R’*—N
/
V2 Oli-M!

(wherein R', R*, R®, Y* and M' are the same meaning as
mentioned above; a part of R, R*, R* and Y~ may be bonded
to each other to form a cyclic structure; Ol11s an oligomer or
polymer portion formed by polymerizing 3-300 conjugated
diene compounds); and

(1v) the low molecular weight polymer 1s added to a solu-
tion containing a conjugated diene compound or a solution
containing a conjugated diene compound and an aromatic
vinyl compound. In the formation of the polymerization 1ni-
tiator of the formula (V), the silylated diamine compound of
the formula (VIII) may be used after the purification by a
proper method, or a crude reaction product solution of the
silylated diamine compound of the formula (VIII) may be
used as 1t 1s.

A third method of producing the modified conjugated
diene polymer according to the invention 1s characterized 1n
that (1) the diamine compound of the formula (VI) 1s added
with the silyl compound of the formula (VII) to form a sily-
lated diamine compound of the formula (VIII);

(11) the silylated diamine compound 1s added to a solution
containing a conjugated diene compound or a solution con-
taining a conjugated diene compound and an aromatic vinyl
compound; and

(111) the said solution 1s further added with an organic alkali
metal compound or an organic alkaline earth metal com-
pound.

Furthermore, the rubber composition according to the
invention 1s characterized by including the aforementioned
modified conjugated diene polymer.

In a preferable embodiment of the rubber composition
according to the ivention, the content of the modified con-
jugated diene polymer 1s not less than 10% by mass 1n a
rubber component.

Also, the rubber composition 1s preferable to be sulfur-

crosslinking.
The rubber composition according to the invention is prei-
erable to be compounded 10-100 parts by mass 1n total of
carbon black and/or an morganic filler per 100 parts by mass
of the rubber component. At this moment, the rubber compo-
sition 1s further preferable to be compounded 10-100 parts by
mass of silica as the morganic filler per 100 parts by mass of
the rubber component.

According to the invention, there can be provided a novel
polymerization imitiator produced by protecting one amine of
the diamine compound having in 1ts molecule two amino
groups with active amino proton with a silylating agent and
then adding with an organic alkali metal compound or an
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organic alkaline earth metal compound and capable of poly-
merizing a conjugated diene compound and an aromatic vinyl
compound without losing the polymerization activity and
turther introducing the active amino proton into a polymer-
ization starting terminal of the polymer. Also, there can be
provided a novel modified conjugated diene polymer pro-
duced by using such a polymerization initiator and capable of
having active amino proton 1n a polymerization starting ter-
minal of the polymer. Furthermore, there can be provided a
method of producing the above polymerization initiator and
modified conjugated diene polymer as well as a rubber com-
position including the above modified conjugated diene poly-
mer and having an excellent low heat buildup.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Modified Conjugated Diene Polymer

The modified conjugated diene polymer according to the
invention 1s described 1n detail below. The modified conju-
gated diene polymer according to the invention 1s a
homopolymer of a conjugated diene compound or a copoly-
mer of a conjugated diene compound and an aromatic vinyl
compound, and 1s represented by the formula (I). The modi-
fied conjugated diene polymer of the formula (I) has at least
two mitrogen atoms in 1ts molecule and 1s excellent 1n the
interaction with a filler, and when such a modified conjugated
diene polymer 1s used as a rubber component of a rubber
composition, the low heat buildup of the rubber composition
can be improved, and also when such a rubber composition 1s
used 1n a tire, the rolling resistance of the tire can be reduced.
Also, the modified conjugated diene polymer wherein Z' in
the formula (I) 1s an alkali metal or an alkaline earth metal 1s
rendered into a both terminal-modified conjugated diene
polymer by using modifying with a modifying agent as a
carbanion reactive compound. The both terminal-modified
conjugated diene polymer 1s further excellent in the interac-
tion with the filler because not only the polymerization start-
ing terminal but also the polymerization active terminal are
modified. Furthermore, the modified conjugated diene poly-
mer wherein Y1 1n the formula (I) 1s a hydrogen atom par-
ticularly indicates an excellent interaction to both of carbon
black and silica because it has active amino proton in its
molecule.

In the formula (I), R' and R” are independently an alkyl or
aryl group having a carbon number of 1-20, a substituted silyl
group or a hydrogen atom, and are preferable to be an alkyl or
aryl group having a carbon number of 1-20. The alkyl group
may be straight, branched or cyclic, and includes, for
example, methyl group, ethyl group, n-propyl group, 1sopro-
pyl group, n-butyl group, 1sobutyl group, sec-butyl group,
tert-butyl group, pentyl group, hexyl group, octyl group,
decyl group, dodecyl group, cyclopentyl group, cyclohexyl
group and the like. Also, the aryl group may have a substituent
such as lower alkyl group or the like on 1ts aromatic ring, and
includes, for example, phenyl group, tolyl group, xylyl group,
naphthyl group and the like. Further, as the substituted silyl
group are prelerable a trialkylsilyl group such as trimethylsi-
Iyl group, triethylsilyl group, methyldiethylsilyl group, dim-
cthylethylsilyl group, tritsopropylsilyl group, dimethyliso-
propylsilyl group, diethylisopropylsilyl group,
t-butyldimethylsilyl group or the like, triphenylsilyl group,
t-butyldiphenylsilyl group and the like. R* and R* may be
same or different.

In the formula (I), R is an alkylene or arylene group having
a carbon number of 1-12, but may contain a hetero atom
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unless 1t has not active proton. The alkylene group may be
straight, branched or cyclic, but 1s particularly preferable to
be straight. As the straight alkylene group are mentioned
methylene group, ethylene group, trimethylene group, tet-
ramethylene group, pentamethylene group, hexamethylene
group, octamethylene group, decamethylene group, dodeca-
methylene group and the like. Also, the arylene group may
have a substituent such as lower alkyl group or the like on its
aromatic ring, and includes, for example, phenylene group,
xylylene group, naphthylene group and the like. Moreover, as
the hetero atom are mentioned O, S, P and the like.

In the formula (I), Y' is a substituted silyl group or a
hydrogen atom. As the substituted silyl group 1s preferable a
trialkylsilyl group such as trimethylsilyl group, triethylsilyl
group, methyldiethylsilyl group, dimethylethylsilyl group or
the like, and trimethylsilyl group 1s particularly preferable.
WhenY" in the formula (1) is a hydrogen atom, the modified
conjugated diene polymer of the formula (I) has an active
amino proton in its polymerization starting terminal and 1s
excellent 1n the 1nteraction to carbon black and silica.

In the formula (I), a part of R', R*, R® and Y' may be
bonded to each other to form a cyclic structure. Also, Poly in
the formula (I) 1s a homopolymer portion of a conjugated
diene compound or a copolymer portion of a conjugated
diene compound and aromatic vinyl compound.

In the formula (1), Z1 1s an alkali metal or an alkaline earth
metal, a residue produced by reacting with a carbanion reac-
tive compound, or a hydrogen atom. As the alkali metal are
mentioned lithium, sodium, potassium and the like, and as the
alkaline earth metal are mentioned magnesium, calcium and
the like. As the carbanion reactive compound are mentioned a
short-stop, a moditying agent and the like. As the short-stop 1s
preferable water or a compound containing an active proton
such as an alcohol compound or the like, 1n which the result-
ing residue 1s a hydrogen atom. Moreover, the case of using
the modifying agent as the carbanion reactive compound will
be described later.

The modified conjugated diene polymer according to the
invention s preferable to a Mooney viscosity ML, ,(100° C.)
0f 10-150. When the Mooney viscosity ML, ., (100° C.) of the
modified conjugated diene polymer 1s less than 10, the
dynamic characteristics of the rubber composition including
the modified conjugated diene polymer such as fracture prop-
erties and the like become insufficient, while when 1t exceeds
150, the workability in the milling of the modified conjugated
diene polymer with various additives such as filler and the like
1s considerably deteriorated.

Also, the modified conjugated diene polymer according to
the invention 1s preferable to have a number average molecu-
lar weight (Mn) of 50,000-500,000. When the number aver-
age molecular weight of the modified conjugated diene poly-
mer 1s less than 350,000, the fracture properties and wear
resistance after the vulcanization of the rubber composition
including the modified conjugated diene polymer are deterio-
rated, while when 1t exceeds 500,000, the workabaility of the
rubber composition including the modified conjugated diene
polymer 1s deteriorated and the milling 1s difficult.

<Polymerization Initiator>

The polymerization mnitiator according to the mmvention
suitable for the production of the modified conjugated diene
polymer 1s represented by the formula (V). As the technique
of introducing the functional group 1nto the polymerization
starting terminal 1s known a method of replacing a secondary
amino proton of piperidine with lithium as previously men-
tioned, but in this method, the secondary amino proton i1s
converted into a polymerization active point, so that the active
amino proton 1s not existent 1n the resulting polymer. On the
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other hand, even in the simple replacement with lithium on
the the diamine compound such as piperazine or the like, a
high-order associated body 1s formed to produce only an
insoluble solid, which does not indicate the polymerization
activity. On the contrary, in the polymerization initiator
according to the invention, for the purpose of obstructing the
formation of the associated body between the imitiators and
improving the solubility into the hydrocarbon solvent accom-
panied with the lowering of the molecule polarity, the silylat-
ing agent 1s acted to one amino group in the diamine com-
pound having active amino proton to protect such an active
amino group and thereafter the other active amino proton 1s
treated with a proper organic alkali metal compound or
organic alkaline metal compound, so that the suificient poly-
merization activity can be developed. Also, S1—N bond 1s
existent 1n the polymer produced by using such a polymer-
1zation 1nitiator, but 1t 1s rapidly hydrolyzed after the stop of
the polymerization, so that 1t 1s possible to easily reproduce
such a bond as an active amino group and there can be easily
obtained a target modified conjugated diene polymer having
an active amino group in its polymerization starting terminal.

In the polymerization initiator of the formula (V), R, R”
and R are the same as R', R* and R in the formula (I). Also,
Y~ is a substituted silyl group, which is the same as the
substituted silyl group described on Y in the formula (1),
while M is an alkali metal or an alkaline earth metal, which
1s the same as the alkali metal or alkaline earth metal
described on Z' in the formula (I). Further, a part of R', R*, R>
and Y~ in the formula (V) may be bonded to each other to form
a cyclic structure.

<Production Method of Polymerization Initiator>

As the method of producing the above polymerization
initiator 1s preferable a method wherein the diamine com-
pound of the formula (V1) 1s added with the silyl compound of
the formula (VII) to form the silylated diamine compound of
the formula (VIII) (first step) and the silylated diamine com-
pound 1s added with the organic alkali metal compound or the
alkaline earth meta compound to form the polymerization
initiator of the formula (V) (second step ). However, the poly-
merization initiator may be formed in the polymerization
reaction system.

In the diamine compound of the formula (VI), R' and R*
are independently an alkyl or aryl group having a carbon
number of 1-20 or a hydrogen atom, and R is the same as
mentioned in the formula (1), and a part of R*, R* and R” may
be bonded to each other to form a cyclic structure. Moreover,
the alkyl or aryl group having a carbon number of 1-20 in R’
and R of the formula (VI) is the same as mentioned in the
tormula (I). As the diamine compound of the formula (V1) are
concretely mentioned N,N'-dimethyl-1,2-diaminoethane,
N,N'-dimethyl-1,3-diaminopropane, N,N'-dimethyl-1,4-di-
aminobutane, N,N'-dimethyl-1,5-diaminopentane, N,N'-
dimethyl-1,6-diaminohexane, N,N'-dimethyl-1,7-diamino-
heptane, 1imidazolidine, pirazolidine, piperazine, 1,2-bis(4-
piperidyl)ethane, 1,3-bis(4-piperidyl)propane, 1,4-bis(4-
piperidyl)butane, ethylenediamine, 1,3-diaminopropane,
1,4-diaminobutane, 1,4-diaminopentane, 1,4-diaminohex-
ane, N-methylethylenediamine, N-ethylethylenediamine,
N-1sopropylethylenediamine, N-propylethylenediamine,
N-butylethylenediamine, N-methyl-1,3-propane diamine,
N-ethyl-1,3-propane  diamine, N-propyl-1,3-propane
diamine, N-isopropyl-1,3-propane diamine, 1-(2-aminoet-
hyl)piperazine and the like.

The silyl compound of the formula (VII) 1s a silylating
agent for protecting one active amino group in the above
diamine compound, wherein Y~ in the formula (VII) is the
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one selected from a halogen atom, a thioalkyl group having a
carbon number of 1-20 (—SR: R 1s an alkyl group), a cyano
group (—C=N) and a trifluoromethylsulfonyl group
(—OSO,CF;), preferably a halogen atom, and as the halogen
atom 1s mentioned a chlorine atom, a bromine atom and the
like. Among them, a chlorine atom 1s preferable. As the silyl
compound of the formula (VII) are concretely mentioned a
chlorotrialkyl silane such as chlorotrimethyl silane, chlorot-
ricthyl silane, chloromethyldiethyl silane, chlorodimethyl-
cthyl silane, chlorotriisopropyl silane, chlorodimethylisopro-
pyl silane, diethylisopropylsilyl chlonde,
t-butyldimethylsilyl chloride or the like; 1,2-bis(chlorodim-
cthylsilyl)ethane, chlorotriphenyl silane, t-butyldiphenylsilyl
chloride. Among them, chlorotrimethyl silane 1s particularly
preferable.

Also, the organic alkali metal compound and the organic
alkaline earth metal compound are organic metallic com-
pounds of the above alkali metal and alkaline earth metal.
Among them, an organolithium compound 1s preferable. As
the organolithium compound are mentioned ethyllithium,
n-propyllithium, 1sopropyllithtum, n-butyllithium, sec-butyl-
livhium, tert-octyllithium, n-decyllithrum, phenyllithium,
2-naphthyllithium, 2-butyl-phenyllithium, 4-phenyl-butyl-
lithium, cyclohexyllithium, cyclopentyllithium and the like.
Among them, an alkyllithium such as ethyllithium, n-propy-
llithium, 1sopropyllithium, n-butyllithium, sec-butyllithium,
tert-octyllithium, n-decyllithium or the like 1s preferable, and
n-butyllithium 1s particularly preferable.

In the first step of the production method of the polymer-
1zation 1nitiator, the diamine compound of the formula (V1) 1s
added with the silyl compound of the formula (VII) to form
the silylated diamine compound of the formula (VIII). R', R*
and R° in the formula (VIII) are the same as mentioned in the
formula (I), and Y~ in the formula (VIII) is the same as Y~ of
the formula (V), and a part of R', R*, R’ and Y* may be
bonded to each other to form a cyclic structure. At this
moment, 1t 1s preferable to use not less than 1.0 mol of the silyl
compound of the formula (VII) per 1 mol of active amino
proton included in the diamine compound of the formula
(VI). Also, the first step 1s carried out 1n the presence of the
organic alkali metal compound or the organic alkaline earth
metal compound for promoting the silylation reaction of the
diamine compound of the formula (VI), 1n which 1t 1s prefer-
able to use not less than 1.0 mol of the organic alkali metal
compound or the organic alkaline earth metal compound per
1 mol of active amino proton included 1n the diamine com-
pound of the formula (VI).

In the second step, the silylated diamine compound of the
tformula (VIII) 1s added with the aforementioned the organic
alkali metal compound or the organic alkaline earth metal
compound to form the polymerization initiator of the formula
(V) according to the invention. Moreover, when the organic
alkali metal compound or the organic alkaline earth metal
compound 1s used 1n the first step, the organic alkali metal
compound or the organic alkaline earth metal compound used
in the second step may be the same as or different from ones
used 1n the first step. At this moment, 1t 1s preferable to use 1.0
mol of the organic alkali metal compound or the organic
alkaline earth metal compound per 1 mol of the silylated
diamine compound of the formula (VIII).

The preparation of the polymerization nitiator 1s prefer-
able to be carried out 1n an atmosphere of an inert gas such as
nitrogen, argon or the like at —20-80° C., and 1s further pret-
erable to be carried out at room temperature. Also, the prepa-
ration of the polymerization initiator is preferable to be car-
ried out 1n a solvent, and as the solvent are mentioned a
hydrocarbon solvent such as n-hexane, cyclohexane, ben-
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zene, toluene or the like, and an ether solvent such as diethyl
cther, tetrahydrofuran or the like.

<Production Method of Modified Conjugated Diene Poly-
mer>

As the production method of the modified conjugated
diene polymer according to the mmvention, there are men-
tioned a first method wherein the polymerization nitiator 1s
previously prepared and then used, a second method wherein
a small amount of a conjugated diene compound 1s added to
the previously prepared polymerization imitiator to conduct
small polymerization and then used, and a third method
wherein the polymerization initiator 1s prepared and used 1n a
polymerization system (in situ). Moreover, the amount of the
polymerization initiator used 1s preferable to be a range of
0.2-20 mmol per 100 g of a monomer.

In the second method, the polymerization initiator pre-
pared as previously mentioned 1s added to a solution 1nclud-
ing the conjugated diene compound to form a low molecular
welght polymer represented by the formula (IX) 1n which one
terminal 1s a residue of the diamine compound derived from
the polymerization initiator and the other terminal 1s a poly-
merization active terminal, and the resulting low molecular
weilght polymer 1s added to a solution including a conjugated
diene compound or a solution including a conjugated diene
compound and an aromatic vinyl compound to obtain a modi-
fied conjugated diene polymer. When the polymerization 1ni-
tiator 1s added to the solution including the conjugated diene
compound to form the low molecular weight polymer of the
formula (I1X) and the resulting low molecular weight polymer
1s used as a polymerization initiator, the solubility of the
polymerization initiator into a polymerization solvent can be
improved. Moreover, R*, R* and R” in the formula (IX) are the
same as mentioned in the formula (I) and Y~ in the formula
(IX) is the same as Y~ of the formula (V), and a part of R*, R?,
R® and Y* may be bonded to each other to form a cyclic
structure. Also, M in the formula (IX) is the same as M of the
formula (V). Furthermore, Ol1 1n the formula (IX) 1s an oli-
gomer or polymer portion polymerized from 3-300 conju-
gated diene compounds, which has a molecular weight
smaller than Poly of the formula (I) and acts to improve the
solubility of the 1nitiator into the polymerization solvent.

In the third method, the silylated diamine compound of the
tformula (VIII) prepared as mentioned above 1s added to the
solution including the conjugated diene compound or the
solution including the conjugated diene compound and the
aromatic vinyl compound and further the organic alkali metal
compound or the organic alkaline earth metal compound 1s
added to such a solution to obtain the modified conjugated
diene polymer according to the mvention. Moreover, when
the organic alkali metal compound or the organic alkaline
carth metal compound 1s used 1n the preparation of the sily-
lated diamine compound, the organic alkali metal compound
or the organic alkaline earth metal compound added to the
polymerization reaction system may be the same as or ditfer-
ent from one used 1n the preparation of the silylated diamine
compound.

Moreover, the diamine compound of the formula (VI), silyl
compound of the formula (VII), silylated diamine compound
of the formula (VIII), organic alkali metal compound and
organic alkaline earth metal compound used 1n the production
of the modified conjugated diene polymer are as mentioned 1n
the production of the polymerization initiator.

Since the modified conjugated diene polymer 1s a
homopolymer of a conjugated diene compound or a copoly-
mer of a conjugated diene compound and an aromatic vinyl
compound, conjugated diene compound and aromatic vinyl
compounds are mentioned as a monomer used 1n the produc-
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tion method of the modified conjugated diene polymer
according to the invention. As the conjugated diene com-
pound of the monomer are mentioned 1,3-butadiene, iso-
prene, 1,3-pentadiene, 2,3-dimethylbutadiene, 2-phenyl-1,3-
butadiene, 1,3-hexadiene and the like. Among them, 1,3-
butadiene and 1soprene are preferable, and 1,3-butadiene 1s
particularly preferable. These conjugated diene compounds
may be used alone or in a combination of two or more. As the
aromatic vinyl compound of the monomer are mentioned
styrene, a.-methylstyrene, 1-vinylnaphthalene, 3-vinyltolu-
ene, cthylvinylbenzene, divinylbenzene, 4-cyclohexylsty-
rene and 2.4,6-trimethylstyrene and the like. Among them,
styrene 1s preferable. These aromatic vinyl compounds may
be used alone or 1n a combination of two or more. Moreover,
the modified conjugated diene polymer according to the
invention 1s preferable to be a copolymer of a conjugated
diene compound and an aromatic vinyl compound, and 1s
turther preferable to be a styrene-butadiene copolymer.

The modified conjugated diene polymer may be produced
by any of solution polymerization, vapor phase polymeriza-
tion and bulk polymerization, but 1s preferable to be produced
by the solution polymerization. When the modified conju-
gated diene polymer 1s produced by the solution polymeriza-
tion, the conjugated diene compound alone or the mixture of
the conjugated diene compound and the aromatic vinyl com-
pound 1s polymerized, for example, in a hydrocarbon solvent
inactive to the polymerization reaction to obtain a modified
conjugated diene polymer. As the hydrocarbon solvent 1nac-
tive to the polymerization reaction are mentioned propane,
n-butane, 1sobutane, n-pentane, 1sopentane, n-hexane, cyclo-
hexane, propene, 1-butene, 1sobutene, trans-2-butene, cis-2-
butene, 1-pentene, 2-pentene, 1-hexene, 2-hexene, benzene,
toluene, xylene, ethylbenzene and the like. Among them,
cyclohexane 1s preferable. These solvents may be used alone
or 1n a combination of two or more.

The production of the modified conjugated diene polymer
according to the invention may be carried out 1n the presence
of a randomizer. The randomizer can control the microstruc-
ture of the resulting polymer and has an action that 1,2-bond
content 1n butadiene unit of the polymer using, for example,
butadiene as a monomer 1s controlled or butadiene unit and
styrene unit of the copolymer using styrene and butadiene as
amonomer 1s randomized, or the like. The randomizer may be
added at an arbitrary stage. As the randomizer are mentioned
dimethoxybenzene, tetrahydrofuran, dimethoxyethane,
diethylene glycol dibutyl ether, diethylene glycol dimethyl
cther, ditetrahydrofuryl propane, triethylamine, pyndine,
N-methylmorpholine, N,N,N'N'-tetramethyl ethylenedi-
amine, 1,2-dipipenidinoethane, potassium-t-amylate, potas-
sium-t-butoxide, sodium-t-amylate and the like. The amount
of the randomizer used 1s preferable to be a range 01 0.01-100
mol per 1 mol of the polymerization 1nitiator.

When the modified conjugated diene polymer 1s produced
by the solution polymerization, the concentration of the
monomer in the solution 1s preferably a range of 5-50% by
mass, further preferably a range of 10-30% by mass. More-
over, when the conjugated diene compound and the aromatic
vinyl compound are used together as a monomer, the content
of the aromatic vinyl compound 1n the monomer mixture 1s
preferably a range of 3-50% by mass, further preferably a
range of 4-45% by mass. Also, the polymerization system 1s
not particularly limited and may be a batch system or a con-
tinuous system.

In the production method of the modified conjugated diene
polymer according to the invention, the polymerization tem-
perature 1s preferably a range of 0-150° C., further preferably
arange o1 20-130° C. Also, the polymerization may be carried
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out under a generating pressure, but 1t 1s preferable to be
usually conducted under a pressure enough to keep the mono-
mer used at substantially a liquid phase. When the polymer-
1zation reaction 1s carried out under a pressure higher than the
generating pressure, the reaction system 1s preferable to be
pressurized with an 1nert gas. Further, the starting materials
used 1n the polymerization such as monomer, polymerization
initiator, solvent and the like are preferable to be used after the
reaction obstructing substances such as water, oxygen, car-
bon dioxide, protonic compound and the like are previously
removed.

<Modification with Modifying Agent>

By polymerizing the conjugated diene compound or copo-
lymerizing the conjugated diene compound and the aromatic
vinyl compound with the above polymerization initiator 1s
obtained a living polymer having a functional group derived
from the diamine compound in 1ts polymerization starting
terminal and a polymerization active terminal 1n 1ts other
terminal, i.e. a polymer wherein Z' of the formula (I) is an
alkal1 metal or an alkaline earth metal. Although the polymer-
ization active terminal 1s disactivated by a short-stop, 1t 1s
modified with a modifying agent to obtained a both terminal-
modified conjugated diene polymer. As the modifying agent
can be used a carbanion reactive compound. In this case, there
is obtained a polymer in which Z' of the formula (I) is a
residue produced by reacting with the carbanion reactive
compound.

As the carbanion reactive compound used 1n the modifica-
tion of the polymerization active terminal are mentioned a
compound including at least one of C—X and an epoxy group
as a carbanion reaction site and a nitrogen-containing func-
tional group, a silicon-containing compound, a tin-containing,
compound and the like. As the compound including at least
one of C—X and epoxy group and the nitrogen-containing
functional group are mentioned 4-dimethylamino benzophe-
none, 4-diethylamino benzophenone, 4.,4'-bis(dimethy-
lamino )benzophenone, 4,4'-bis(diethylamino )benzophe-
none, 4-dimethylamino benzaldehyde, 4-diethylamino
benzaldahyde, 1,1-bis(4-dimethylaminophenyl)ethylene,
1,1-bis(4-diethylaminophenyl)ethylene, 1,1-dimethoxy tri-
methylamine, 4-dimethylaminobenzilidene aniline, N,N-
dimethylformamide, N,N-diethylformamide, N,N-dimethy-
lacetamide, N,N-diethylacetamide, 4-pyridylamide,
4-pyridyl-ethyleneoxide, 4-vinylpyridine, 2-vinylpyridine,
dicyclohexylcarbodiimide, e-caprolactam, N-methyl-e-ca-
prolactam, 1,3-dimethyl-2-imidazolidinone, N-methylpyr-
rolidone, phenylisocyanate, phenylthioisocyanate, diisocy-
anate phenylmethane and the like. Among them, 4,4'-bis
(dimethylamino)benzophenone, 4-vinylpyridine and 1,3-
dimethyl-2-imidazolidinone are preferable.

As the silicon-containing compound and tin-containing
compound as the modifying agent are preferable the coupling
agents represented by the formula (II). The conjugated diene
polymer modified with the coupling agent of the formula (1I)
has at least one tin-carbon bond or silicon-carbon bond. In the
formula (II), R* is independently an alkyl group having a
carbon number of 1-20, a cycloalkyl group having a carbon
number of 3-20, an aryl group having a carbon number of
6-20 or an aralkyl group having a carbon number of 7-20 and
includes concretely methyl group, ethyl group, n-butyl group,
neophyl group, cyclohexyl group, n-octyl group, 2-ethyl-
hexyl group and the like. Also, Z~ is tin or silicon, and X" is
independently chlorine or bromine, and a 1s an integer of 0-3,
and b 1s an integer of 1-4, provided that a+b=4. As the cou-
pling agent of the formula (II) are preferable tin teterachlo-
ride, R*SnCl,, R*,SnCl,, R*,SnCl and the like, and tin teter-

achloride 1s particularly preferable.
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As the silicon-containing compound as the modifying
agent are also preferable a hydrocarbyloxy silane compound
of the formula (I11I), a hydrocarbyloxy silane compound of the
formula (IV) and a partial condensate thereof.

In the functional group of A" of the formula (III), imine
includes ketimine, aldimine and amidine, and (thio)carboxy-
lic acid ester includes an ester of an unsaturated carboxylic
acid such as acrylate, methacrylate or the like, and non-cyclic
tertiary amine includes N.N-disubstituted aromatic amine
such as N.N-disubstituted aniline or the like, and cyclic ter-
tiary amine can include (thio)ether as a part of a ring. As a
metal of a metal salt of (thio)carboxylic acid can be men-
tioned an alkali metal, an alkaline earth metal, Al, Sn, Zn and
the like. Further, the functional group in A' may be an alkali
metal salt of an amine, an alkaline earth meta salt of an amine,
silazane, disilazane and the like.

As the divalent inert hydrocarbon group in R is preferable
an alkylene group having a carbon number of 1-20. The
alkylene group may be straight, branched or cyclic, but the
straight chain 1s particularly preferable. As the straight alky-
lene group are mentioned methylene group, ethylene group,
trimethylene group, tetramethylene group, pentamethylene
group, hexamethylene group, octamethylene group, decam-
cthylene group, dodecamethylene group and the like.

As R°and R’ are mentioned an alkyl group having a carbon
number of 1-20, an alkenyl group having a carbon number of
2-20, an aryl group having Arbor number of 6-18, an aralkyl
group having a carbon number of 7-18 and the like. In this
case, the alkyl group and alkenyl group may be straight,
branched or cyclic, and include, for example, methyl group,
cthyl group, n-propyl group, 1sopropyl group, n-butyl group,
1sobutyl group, sec-butyl group, tert-butyl group, pentyl
group, hexyl group, octyl group, decyl group, dodecy group,
cyclopentyl group, cyclohexyl group, vinyl group, propehyl
group, allyl group, hexenyl group, octenyl group, cyclopen-
tenyl group, cyclohexenyl group and the like. Also, the aryl
group may have a substituent on the aromatic ring such as
lower alkyl group or the like, and includes, for example,
phenyl group, tolyl group, xylyl group, naphthyl group and
the like. Further, the aralkyl group may have a substituent on
the aromatic ring such as lower alkyl group or the like, and
includes, for example, benzyl group, phenetyl group, naph-
thylmethyl group and the like.

In the formula (III), n 1s an 1teger of 0-2, but 0 1s prefer-
able. Also, 1t 1s preferable that active proton and onium salt are
not included 1n the molecule.

In the hydrocarbyloxy silane compound of the formula
(III), as the hydrocarbyloxysilane compound having, for
example, (thio)epoxy group may be mentioned 2-glycidoxy-
cthyl trimethoxysilane, 2-glycidoxyethyl triethoxysilane,
(2-glycidoxyethyl)methyl dimethoxysilane, 3-glycioxypro-
pyl trimethoxysilane, 3-glycidoxypropyl triethoxysilane,
(3-glycioxypropyl )methyl dimethoxysilane, 2-(3,4-epoxycy-
clohexyl)ethyl trimethoxysilane, 2-(3.,4-epoxycyclohexyl)
cthyl triethoxysilane, 2-(3,4-epoxycyclohexyl)ethyl(methyl)
dimethoxysilane and ones obtained by replacing the epoxy
group 1n these compounds with a thioepoxy group. Among
them, 3-glycidoxypropyl trimethoxysilane and 3-glycidox-
ypropyl triethoxysilane are particularly preferable.

As the mmine group-containing hydrocarbyloxy silane
compound may be mentioned N-(1,3-dimethylbutylidene)-3-
(tricthoxysilyl)-1-propanecamine, N-(1-methylethylidene)-3-
(tricthoxysilyl)-1-propanecamine, N-ethylidene-3-(triethox-
ysilyl)-1-propaneamine, N-(1-methylpropylidene)-3-
(tricthoxysilyl)-1-propaneamine, N-(4-N,N-
dimethylaminobenzylidene)-3-(triethoxysilyl)-1-
propancamine, N-(cyclohexylidene)-3-(triethoxysilyl)-1-
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propancamine as well as trimethoxysilyl compounds,
methyldimethoxysilyl compounds, ethyldiethoxysilyl com-
pounds, methyldimethoxysilyl compounds, ethyldimethox-
ysilyl compounds and the like corresponding to these tri-
cthoxysilyl compounds. Among them, N-(1-
methylpropylidene)-3-(triethoxysilyl)-1-propancamine and
N-(1,3-dimethylbutylidene)-3-(tricthoxysilyl)-1-propa-
neamine are particularly preferable.

As the imine(amidine) group-containing compound are
mentioned  1-[3-(triethoxysilyl)propyl]-4,5-dihydroimida-
zole, 1-[3-(trimethoxysilyl)propyl]-4,5-dihydroimidazole,
N-(3-triethoxysilylpropyl)-4,5-dihydroimidazole, N-(3-1s0-
propoxysilylpropyl)-4,3-dihydroimidazole, N-(3-methyldi-
cthoxysilylpropyl)-4,5-dihydroimidazole and the like.
Among them, N-(3-triethoxysilylpropyl)-4,5-dihydroimida-
zole 1s preferable.

As the compound having the carboxylic acid ester group
are mentioned 3-methacryloyloxypropyl triethoxysilane,
3-methacryloyloxypropyl trimethoxysilane, 3-methacryloy-
loxypropyl methyldiethoxysilane, 3-methacryloyloxypropyl
triusopropoxysilane and the like. Among them, 3-methacry-
loyloxypropyl trimethoxysilane 1s preferable.

As the 1socyanate group-containing compound are men-
tioned 3-1socyanatopropyl trimethoxysilane, 3-1socyanato-
propyl triethoxysilane, 3-1socyanatopropyl methyldiethox-
ysilane, 3-1socyanatopropyl tritsopropoxysialne and the like.

Among them, 3-1socyanatopropyl triethoxysilane 1s prefer-
able.

As the compound having the carboxylic anhydrnide are
mentioned 3-triethoxysilylpropyl succinic acid anhydride,
3-trimethoxysilylpropyl succinic acid anhydride, 3-meth-
yldiethoxysilylpropyl succinic acid anhydride and the like.
Among them, 3-triethoxysilylpropyl succinic acid anhydride
1s preferable.

As the hydrocarbyloxysilane compound having a cyclic
tertiary amine group are mentioned 3-(1-hexamethylene-
imino)propyl(triecthoxy) silane, 3-(1-hexamethyleneimino)

propyl(trimethoxy) silane, (1-hexamethyleneimino)methyl
(trimethoxy) s1lane, (1-hexamethyleneimino )methyl
(triethoxy) silane, 2-(1-hexamethyleneimino)ethyl
(triethoxy) silane, 2-(1-hexamethyleneimino)ethyl
(tnmethoxy) silane, 3-(1-pyrrolidynyl)propyl(triethoxy)

silane, 3-(1-pyrrolidynyl)propyl(trimethoxy) silane, 3-(1-
heptamethyleneimino )propyl(triethoxy) silane, 3-(1-dodeca-
methyleneimino))propyl(triethoxy) silane, 3-(1-hexamethyl-
eneimino propyl(diethoxy) methylsilane, 3-(1-
hexamethyleneimino)propyl(diethoxy) ethylsilane, 3-[10-
(triethoxysilyl)decyl]-4-oxazoline and the like. Among them,
3-(1-hexamethyleneimino )propyl(triethoxy) silane and
(1-hexamethyleneimino )methyl(trimethoxy) silane are prei-
crable.

As the non-cyclic tertiary amine group-containing hyxro-
carbyloxysilane compound are mentioned 3-dimethylamino-
propyl(tricthoxy)  silane, 3-dimethylaminopropyol(tri-
methoxy) silane, 3-diethylaminopropyl(triethoxy) silane,
3-diethylaminopropylo(trimethoxy) silane, 2-dimethylami-
noethyl(triethoxy) silane, 2-dimethylaminoethyl(tri-
methoxy) silane, 3-dimethylaminopropyl(diethoxy) methyl-
silane, 3-dibutylaminopropyl(triethoxy) silane and the like.
Among them, 3-diethylaminopropyl(triethoxy) silane and
3-dimethylaminopropyl(triethoxy) silane are preferable.

As the other hydrocarbyloxysilane compound are men-
tioned 2-(trimethoxysilylethyl) pyridine, 2-(triethoxysilyl-
cthyl) pyridine, 2-cyanoethyltriethoxy silane and the like.
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The hydrocarbyloxysilane compounds of the formula (I111)
may be used alone or 1n a combination of two or more. Also,
a partial condensate of the hydrocarbyloxysilane compound
may be used.

In the formula (V), R8 and R9 are the same as mentioned on
R6 and R7 of the formula (I1I), respectively.

As the hydrocarbyloxysilane compound of the formula
(IV) are mentioned, for example, tetramethoxy silane, tetra-
cthoxy silane, tetra-n-propoxy silane, tetraisopropoxy silane,
tetra-n-butoxy silane, tetraisobutoxy silane, tetra-sec-butoxy
silane, tetra-tert-butoxy silane, methyltrimethoxy silane,
methyltriethoxy silane, methyltripropoxy silane, methyltri-
1sopropoxy silane, ethyltrimethoxy silane, ethyltriethoxy
silane, propyltriethoxy silane, butyltrimethoxy silane, phe-
nyltrimethoxy silane, phenyltriethoxy silane, dimeth-
yldimethoxy silane, methylphenyldimethoxy silane, vinyltri-
methoxy silane, vinyltriethoxy silane, divinyldimethoxy
silane, divinyldiethoxy silane and the like. Among them, tet-
racthoxy silane 1s particularly preferable.

The hydrocarbyloxysilane compounds of the formula (IV)
may be used alone or in a combination of two or more. Also,
a partial condensate of the hydrocarbyloxysialne compound
may be used.

The modification reaction of the polymerization active ter-
minal with the above moditying agent 1s preferable to be
carried out by a solution reaction. In such a solution may be
included a monomer used in the polymerization. Also, the
reaction system ol the modification reaction 1s not particu-
larly limited and may be a batch system or a continuous
system. Further, the reaction temperature of the modification
reaction 1s not particularly limited as far as the reaction pro-
ceeds, and the reaction temperature in the polymerization
reaction may be adopted as 1t 1s.

Also, the modified conjugated diene polymer according to
the invention may be further modified on an active amino
group ol a polymerization starting side with at least one
1socyanate compound selected from the group consisting of
compounds having an 1socyanate group and a condensate
thereof. The modification reaction of the polymerization
starting terminal with the 1socyanate compound is preferable
to be carried out through a solution reaction, in which the
monomer used 1n the polymerization may be included 1n such
a solution. Moreover, 1t 1s preferable that a compound having
an active proton 1s not incorporated into the reaction solution
other than the polymer having the active amino group. Also,
since the side of the polymerization active terminal 1s 1nert to
the 1socyanate group, Z1 1s preferable to be a residue pro-
duced by reacting with the carbanion reactive compound such
as a short-stop, a modilying agent or the like. Furthermore,
the reaction system of the modification reaction at the side of
the polymerization starting terminal 1s not particularly lim-
ited, and may be a batch system or a continuous system. In
addition, the reaction temperature of the modification reac-
tion 1s not particularly limited as far as the reaction proceeds,
and the reaction temperature 1n the polymerization reaction
may be adopted as 1t 1s.

<Rubber Composition>

The rubber composition according to the invention com-
prises the aforementioned modified conjugated diene poly-
mer as a rubber component. In this case, the content of the
modified conjugated diene polymer 1n the rubber component
1s preferable to be not less than 10% by mass. When the
content of the modified conjugated diene polymer in the
rubber component 1s less than 10% by mass, the effect of
improving the dispersibility of the filler 1s small and also the
elfect of improving the low heat buildup of the rubber com-
position 1s small. In the rubber composition according to the
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invention, natural rubber (NR), non-modified styrene-butadi-
ene copolymer (SBR), polybutadiene rubber (BR), polyiso-
prene rubber (IR), butyl rubber (IIR), ethylene-propylene
copolymer and the like may be used as a rubber component
other than the modified conjugated diene polymer. Among
them, natural rubber 1s preferable. These rubber components
may be used alone or 1n a blend of two or more.

The rubber composition according to the invention 1s prei-
erable to contain sulfur as a vulcanizing agent. In this case, the
rubber composition 1s sultur-crosslinkable. By crosslinking
the rubber composition with sulfur can be given a strength
suitable for use in rubber articles such as tire, belt and the like
to the rubber composition.

In the rubber composition according to the invention, 1t 1s
preferable that carbon black and/or an 1norganaic filler 1s com-
pounded 1n a total amount of 10-100 parts by mass per 100
parts by mass of the rubber component as a filler. When the
amount of carbon black and 1norganic filler compounded per
100 parts by mass of the rubber component 1s less than 10
parts by mass 1n total, the fracture properties and wear resis-
tance of the rubber composition are deteriorated, while when
it exceeds 100 parts by mass, the workability of the rubber
composition 1s deteriorated. As the carbon black, FEF, SRF,
HAF, ISAF and SAF grades are preferable, and HAF, ISAF

and SAF grades are further preferable.

As the morganic filler are mentioned silica and an inor-
ganic compound represented by the following formula (X):

(X)

wM?.xSi0,.zH,0

(wherein M2 1s a metal selected from the group consisting of
aluminum, magnesium, titantum, calcium and zirconium, an
oxide or hydroxide of such a metal, a hydrate thereof or at
least one selected from carbonates of these metals; w, X, y and
7z are an integer of 1-5, aninteger o1 0-10, an integer o1 2-5 and
an integer of 0-10, respectively). Moreover, when x and z are
0 1n the formula (X), the morganic compound 1s at least one
metal selected from aluminum, magnesium, titanium, cal-
cium and zirconium, or a metal oxide or a metal hydroxide.

As the 1norganic compound of the formula (X) are men-
tioned alumina (Al,O,) such as y-alumina, a-alumina or the
like; alumina monohydrate (Al,O;.H,O) such as boehmuite,
diaspore or the like; aluminum hydroxide [AI(OH),] such as
gibbsite, bayerite or the like; aluminum carbonate [Al,
(CO3);], magnestum hydroxide [Mg(OH),], magnesium
oxide (MgO), magnesium carbonate (MgCQO,), talc
(3Mg0.4510,.H,0), attapulgite (5Mg0.8510,.9H,0), tita-
nium white (T10,), titnium black (T10,, ), calctum oxide
(Ca0), calctum hydroxide [Ca(OH), ], aluminum magnesium
oxide (MgO.Al,O;), clay (Al,0,.2510,), kaolin
(Al,0,.2510,.2H,0), pyrophyllite (Al,0O,.4510,.H,O), ben-
tonite (Al,0;.4510,.2H,0), aluminum silicate (Al,S10.,
Al,.3510,.5H,0 and the like), magnesium silicate
(Mg,S10,, MgS10, and the like), calcium silicate (Ca,S10,,
and the like), aluminum silicate (Al,O,.Ca0.25810, and the
like), magnesium calcium silicate (CaMgS10,), calcium car-
bonate (CaCQ,), zircontum oxide (Zr0O,), zirconium hydrox-
ide [ZrO(OH),.nH2O0)], zircontum carbonate [Zr(CO,),],
crystalline aluminosilicate including a hydrogen, an alkali
metal or analkaline earth metal correcting electron charges
such as various zeolites and the like.

Among the above inorganic fillers, silica 1s particularly
preferable. By compounding silica as the filler can be
improved the performances of the rubber composition on a
wet road surface. As the silica are preferable wet silica, dry
silica and the like, and the wet silica 1s further preferable. The
amount of silica compounded 1s preferable to be a range of
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10-100 parts by mass per 100 parts by mass of the rubber
component. When the amount of silica compounded per 100
parts by mass of the rubber component is less than 10 parts by
mass, the fracture properties and wear resistance of the rubber
composition are deteriorated, while when 1t exceeds 100 parts
by mass, the workability of the rubber composition 1s dete-
riorated.

In addition to the above rubber component, the crosslink-
ing agent such as sulfur or the like and the filler such as carbon
black, silica or the like, the rubber composition according to
the mvention may be properly compounded with additives
usually used 1n the rubber industry such as an antioxidant, a
soltening agent, a silane coupling agent, a vulcamization
accelerator, an accelerator activator and the like within a
scope not damaging the object of the invention. As the addi-
tives, commercially available ones can be preferably used.
The rubber composition according to the mvention can be
produced by compounding the rubber component including
at least the modified conjugated diene polymer with various
additives properly selected, if necessary and then milling,
warming, extruding them.

The rubber composition according to the imvention can be
used 1n rubber articles such as tire, belt and the like. Among
them, the rubber composition according to the mvention 1s
suitable for various rubber members in the tire, and 1s par-
ticularly suitable as a tire tread.

EXAMPLES

The following examples are given 1in illustration of the
invention and are not intended as limitation thereof.

Production Example 1

Preparation of Polymerization Initiator Solution A

In a Kjeldahl flask of 100 mL provided with Tetlon (regis-
tered trademark) agitator and sufficiently dried 1s charged
5.75 mmol of N,N'-dimethyl-1,6-diaminohexane under a
stream of an inert gas, which 1s dissolved in 10 mL of tetrahy-
drofuran. Then, 5.75 mmol of n-butyllithtum 1s added drop-
wise to the resulting solution while violently stirring with a
magnetic stirrer. The solution 1s added with 5.75 mmol of
chlorotrimethylsilane and stirred at room temperature for 30
minutes. After the resulting solid 1s filtered off through a
PTFE filter, 15 mL of a filtrate 1s charged into a suificiently
dried pressure glass bottle of 150 mL, which 1s closely sealed
with a crown cap provided with a rubber stopper. To this
solution are successively added 4.23 mmol of tetramethyleth-
ylene diamine and 4.23 mmol of n-butyllithium, which are

suificiently stirred to obtain a polymerization initiator solu-
tion A.

Synthesis of Polymer A

Into a pressure glass vessel of 800 mL dnied and purged
with nitrogen are charged a cyclohexane solution of butadi-
ene and a cyclohexane solution of styrene so as to be 60 g of
butadiene monomer and 15 g of styrene monomer and then
11.7 mL of the above polymerization initiator solution A 1s
added to conduct polymerization reaction at 50° C. for 2.5
hours. In this case, the conversion 1s approximately 100%.
Thereatter, 0.5 mL of a solution of 2,6-di-t-butyl-p-cresol
(BHT) 1n 1sopropanol (BHT concentration: 5% by mass) 1s
added to the polymerization reaction system to stop the poly-
merization reaction, and further re-precipitated in an 1sopro-
panol solution containing slight amounts of hydrochloric acid
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and BHT, and then dried according to a usual manner to
obtain a polymer A. With respect to the obtained polymer A,
the number average molecular weight (Mn), molecular
weilght distribution (Mw/Mn) and Mooney viscosity ML, _,
(100° C.) are measured by the following methods. The results
are shown 1n Table 1.

(1) Number average molecular weight (Mn) and molecular
weight distribution (Mw/Mn)

The number average molecular weight (Mn) and weight
average molecular weight (Mw) of the polymer as converted
to polystyrene are measured through a gel permeation chro-
matography [GPC: HLC-8020 made by Toso Co., Ltd. col-
umn: GMH-XL (two series columns) made by Toso Co., Ltd.
detector: differential refractometer (RI)] as a standard of
monodisperse polystyrene, and the molecular weight distri-
bution (Mw/Mn) 1s calculated therefrom.

(2) Mooney viscosity ML, ., (100° C.)

The Mooney viscosity ML, ., (100° C.) of the polymer 1s
measured at 100° C. by using a tester of RLM-01 model made
by Toyo Seiki Co., Ltd.

Production Comparative Example 1

Synthesis of Polymer B

A polymer B 1s prepared in the same manner as in the
synthesis of the polymer A except that 0.75 mmol of hexam-
cthylene 1mine, 0.75 mmol of n-butyllithium (n-Bul.1) and
0.75 mmol of ditetrahydrofuryl propane are successively
added 1n stead of the addition of the polymerization initiator
solution A. The analytical results of the obtained polymer B
are shown 1n Table 1.

Production Comparative Example 2

Synthesis of Polymer C

Into a pressure glass vessel of 800 mL dried and purged
with nitrogen are charged a cyclohexane solution of butadi-
ene and a cyclohexane solution of styrene so as to be 60 g of
butadiene monomer and 15 g of styrene monomer, and 0.75
mmol of ditetrahydrofuryl propane 1s added to the solution
and further 0.75 mmol of n-butyllithium (n-BulL1) 1s added to
conduct polymerization reaction at 50° C. for 1.5 hours. In
this case, the conversion 1s approximately 100%. Then, 0.19
mmol of tin tetrachloride 1s added to the polymerization reac-
tion system, and thereafter modification reaction 1s carried
out at 50° C. for 30 minutes. Thereafter, 0.5 mL of a solution
of 2,6-di-t-butyl-p-cresol (BHT) in 1sopropanol (BHT con-
centration: 5% by mass) 1s added to the polymerization reac-
tion system to stop the polymerization reaction and further
dried according to the usual manner to obtain a polymer C.

The analytical results of the obtained polymer C are shown 1n
Table 1.

Production Comparative Example 3

Synthesis of Polymer D

Into a pressure glass vessel of 800 mL dried and purged
with nitrogen are charged a cyclohexane solution of butadi-
ene and a cyclohexane solution of styrene so as to be 60 g of
butadiene monomer and 15 g of styrene monomer, and 0.735
mmol of ditetrahydrofuryl propane i1s added to the solution
and further 0.75 mmol of n-butyllithium (n-Bul.1) 1s added to
conduct polymerization reaction at 50° C. for 1.5 hours. In
this case, the conversion 1s approximately 100%. Then, 0.5
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mL of a solution of 2,6-di-t-butyl-p-cresol (BHT) in 1sopro-
panol (BHT concentration: 5% by mass) 1s added to the
polymerization reaction system to stop the polymerization
reaction and further dried according to the usual manner to
obtain a polymer D. The analytical results of the obtained
polymer D are shown 1n Table 1.

Production Example 2

Synthesis of Polymer E

A polymer E 1s synthesized in the same manner as in the
synthesis of the polymer A except that 0.19 mmol of tin

tetrachloride 1s added instead of the 1sopropanol solution of
BHT and further the modification reaction 1s carried out at 50°

C. for 30 minutes and thereaiter the 1sopropanol solution of
BHT 1s added.

Production Comparative Example 4

Synthesis of Polymer F

A polymer F 1s synthesized 1n the same manner as in the
synthesis of the polymer B except that 0.19 mmol of tin
tetrachloride 1s added instead of the 1sopropanol solution of
BH'T and further the modification reaction 1s carried out at 50°

C. for 30 minutes and thereaiter the 1sopropanol solution of
BHT 1s added.

TABLE 1
Mn Mw/Mn ML, (100° C.)
Polymer A 174 x 103 1.20 22
Polymer B 195 x 10° 1.08 28
Polymer C 382 x 10° 1.68 80
Polymer D 211 x 10? 1.04 24
Polymer E 319 x 10° 1.87 76
Polymer F 357 x 10? 1.71 74

Then, a rubber composition having a compounding recipe
shown 1n Table 2 1s prepared by using the above polymers
A-F, and then the low loss factor of a vulcanized rubber
obtained by vulcanizing the rubber compositionat 160° C. for
15 minutes 1s measured by the following method. The results
to the rubber composition of Compounding 1 are shown in
Table 3, and the results to the rubber composition of Com-
pounding 2 are shown 1n Table 4, and the results to the rubber
composition of Compounding 3 are shown 1n Table 3.

(3) Low Loss Factor (Low Hest Buildup)

By using a viscoelasticity measuring apparatus made by
Rheometric Corporation 1s measured tan o0 under conditions
of temperature: 50° C., frequency: 15 Hz and strain: 3% or
10%, which 1s represented by an index on the basis that tan o
of the rubber composition of Comparative Example 3 1s 100
in the rubber composition of Compounding 1 and tan o of the
rubber composition of Comparative Example 7 1s 100 1n the
rubber composition of Compounding 2 and tan 0 of the rubber
composition of Comparative Example 11 1s 100 1n the rubber
composition of Compounding 3. The smaller the index value,
the better the low heat buildup.
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TABLE 2 TABLE 2-continued
(parts by mass) (parts by mass)
Compounding Compounding Compounding 5 Compounding Compounding Compounding
1 2 3 1 2 3
e
ISJBtRu } o gg gg 28 Vulcanization 0.5 0.6 0.7
atital 1ubbet accelerator NS-P *7
Carbon black HAF 50 27 — Sulfur 15 15 15
Silica *2 — 27 55 - . .
Aromatic oil 10 10 10 10
Stearic acid 9 5 > *1: Polymers A-I' produced in Production Examples 1-2 and Production Comparative
- xid i Examples 1-4, in which the kinds of the polymers used are shown in Tables 3-5.
Allltlﬂ}{l ant ?C 3 1 1 1 *2: Nipsil AQ, made by Nippon Silica Kogyo Co., Ltd.
Sllﬂﬂﬂ;ﬂﬂplmg - 2.5 > *3: N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylene diamine, Nocrac 6C made by Ohuchi
agent *4 Shinko Kagaku Co., Ltd.
Zinc oxide 2.5 2.5 2.0 *4: bis(3-triethoxysilylpropyltetrasulfide, silane coupling agent Si69 made by Degussa
Vulcanization 0.3 0.7 1.4 15 *5: N,N'-diphenyl guanidine, Suncelar D-G made by Sanshin Kagaku Kogyo Co., Ltd.
ﬂﬂ@ﬂlﬂrlﬂmrl D-G *5 *6: dibenzothiazyl disulfide, Noccekar DM-P made by Ohuchi Shinko Kagaku Co., Ltd.
Vulcanization 0.5 1.2 2 *7: N-t-butyl-2-benzothiazyl sulfenamide, Noccekar NS-P made by Ohuchi Shinko Kagaku
accelerator DM-P *6 Co., Ltd.

TABLE 3

Comparative Comparative Comparative Comparative

Example 1 Example 1 Example 2 Example 3 Example 2 Example 4

SBR Polymer A Polymer B PolymerC  PolymerD PolymerE PolymerF
used

tan O 69 &7 73 100 54 65
(3%,

50°C.)

(index)

* The compounding of the rubber composition 1s corresponds to Compounding 1 in Table 2 (including carbon

black).

TABLE 4

Comparative Comparative Comparative Comparative

Example 3 Example 5 Example 6  Example 7 Example4 Example 8

SBR Polymer A Polymer B Polymer C  PolymerD PolymerE PolymerF

used

tan O 76 ]9 81 100 62 74
(3%,

50° C.)

(index)

* The compounding of the rubber composition 1s corresponds to Compounding 2 1n Table 2 (including carbon
black and silica).

TABLE 5

Comparative Comparative Comparative Comparative
Example 5 Example9 Example 10 Example 11 Example 6 Example 12

SBR Polymer A Polymer B PolymerC  PolymerD PolymerE PolymerF

used
tan o 81 97 95 100 7R 95

(3%,
50°C.)
(index)

* The compounding of the rubber composition 1s corresponds to Compounding 3 1n Table 2 (including silica).
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As seen from the above results, the rubber compositions of
the examples including the modified conjugated diene poly-
mer according to the ivention are excellent in the low heat
buildup even 1n any compoundings of Compounding 1 using
carbon black as a filler, Compounding 2 using carbon black
and silica as a filler and Compounding 3 using silica as afiller.
On the other hand, when using the polymer B wherein the
cyclic amino group i1s mtroduced into the polymerization
staring terminal and the polymer C wherein the polymeriza-
tion active terminal 1s coupled with the tin compound, the low
heat buildup can be improved as compared with the non-
modified polymer D, but the improving width 1s small. By
combining the modilying polymerization initiator according
to the invention and a proper terminal modifying agent are
obtained rubber compositions being more excellent 1n the low
heat buildup.

The mvention claimed 1s:

1. A modified conjugated diene polymer comprising a
homopolymer of a conjugated diene compound or a copoly-
mer of a conjugated diene compound and an aromatic vinyl
compound and characterized by the following formula (I):

(D)

R/ RZ
\ /
N—R?*—N
/ \
v! Poly-Z/

wherein R' and R* are independently an alkyl or aryl group
having a carbon number of 1-20, a substituted silyl group or a
hydrogen atom; R” is an alkylene or arylene group having a
carbon number of 1-12 provided that 1t may include a hetero
atom provided that it does not have an active proton; Y™ is a
substituted silyl group or a hydrogen atom; a part of R*, R?,
R> and Y' may be bonded to each other to form a cyclic
structure; Poly 1s a homopolymer part of a conjugated diene
compound or a copolymer portion of a conjugated diene
compound and an aromatic vinyl compound; Z" is an alkali
metal, an alkaline earth metal salt or an alkaline earth metal
alkyl group, or a residue produced by reacting with a carban-
ion reactive compound, or a hydrogen atom provided that
when Z' is an alkali metal, an alkali earth metal salt or an
alkaline earth metal alkyl group, none of R', R* andY" is the
hydrogen atom.

2. A modified conjugated diene polymer according to claim
1, wherein R? in the formula (I) is an alkyl or aryl group
having a carbon number of 1-20.

3. A modified conjugated diene polymer according to claim
1, wherein the conjugated diene compound 1s 1,3-butadiene
Or 1soprene.

4. A modified conjugated diene polymer according to claim
1, wherein the aromatic vinyl compound 1s styrene.

5. A modified conjugated diene polymer according to claim
1, wherein said polymer 1s a copolymer of the conjugated
diene compound and the aromatic vinyl compound.

6. A modified conjugated diene polymer according to claim
1, wherein said polymer has a Mooney viscosity ML, , , (100°
C.) of 10-130.

7. A modified conjugated diene polymer according to claim
1, characterized by the further modification of a modified
conjugated diene polymer wherein Y™ in the formula (1) is a
hydrogen atom with at least one of a compound having an
1socyanate group and a condensate thereof.

8. A modified conjugated diene polymer according to claim
1, wherein said polymer 1s a modified conjugated diene poly-
mer obtained by modifying a modified conjugated diene
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polymer wherein Z" in the formula (I) is an alkali metal, an
alkaline earth metal salt or an alkaline earth metal alkyl group
with a carbanion reactive compound, in which Z" in the for-
mula (I) 1s a residue produced by reacting with the carbanion
reactive compound.

9. A modified conjugated diene polymer according to claim
8, characterized by the further modification of a modified
conjugated diene polymer wherein Y™ in the formula (1) is a
hydrogen atom with at least one of a compound having an
1socyanate group and a condensate thereof.

10. A modified conjugated diene polymer according to
claim 8, wherein the carbanion reactive compound used in the
modification 1s a compound including at least one of C—=X (X
1s O, S or C) and an epoxy group as a carbanion reaction site
and a nitrogen-containing functional group, a silicon-con-
taining compound, or a tin-containing compound.

11. A modified conjugated diene polymer according to
claim 10, wherein the carbanion reactive compound used 1n
the modification 1s at least one selected from the group con-
sisting of 4-dimethylamino benzophenone, 4-diethylamino
benzophenone, 4,4'-bis(dimethylamino)benzophenone, 4,4'-
bis(diethylamino)benzophenone, 4-dimethylamino benzal-
dehyde, 4-diethylamino benzaldehyde, 1,1-bis(4-dimethy-
laminophenyl)ethylene, 1,1-bis(4-diethylaminophenyl)
cthylene, 1,1-dimethoxy trimethylamine,
4-dimethylaminobenzylidene aniline, N,N-dimethylforma-
mide, N,N-diethylformamide, N,N-dimethylacetamide,
N,N-diethylacetamide, 4-pynidylamide, 4-pyndyl-ethyl-
encoxide, 4-vinylpyridine, 2-vinylpyridine, dicyclohexyl
carbodiimide, s-caprolactam, N-methyl-e-caprolactam, 1,3-
dimethyl-2-1midazolidinone, N-methylpyrrolidone, phenyl-
1socyanate, phenylthioisocyanate and diisocyanate diphenyl-
methane.

12. A modified conjugated diene polymer according to
claim 10, wherein the carbanion reactive compound used 1n
the modification 1s a coupling agent represented by the fol-
lowing formula (1I):

R* 7°X!, (1)

wherein R* is independently selected from an alkyl group
having a carbon number of 1-20, a cycloalkyl group having a
carbon number of 3-20, an aryl group having a carbon number
of 6-20 and an aralkyl group having a carbon number o1 7-20;
77 is tin or silicon atom; X' is independently chlorine or
bromine atom; and a 1s an integer of 0-3 and b 1s an integer of
1-4 provided that a+b=4.

13. A modified conjugated diene polymer according to
claim 10, wherein the carbanion reactive compound used 1n
the modification 1s at least one selected from the group con-
s1sting of a hydrocarbyloxysilane compound represented by
the following formula (I11I):

_— (I1T)
A —
\

/Si — (OR )34

R®.

wherein A' is a monovalent group having at least one func-
tional group selected from (thio)epoxy, (thio)isocyanate,
(thio)ketone, (thio)aldehyde, imine, amide, 1socyanuric acid
triester, (thio)carboxylic acid hydrocarbylester, ametal salt of
(thio)carboxylic acid, carboxylic anhydride, a halide of car-
boxylic acid, carbonic acid dihydrocarbylester, cyclic tertiary
amine, non-cyclic tertiary amine, mtrile, pyridine, sulfide,
multi-sulfide, an alkali metal salt of amine, al alkaline earth



US 7,767,774 B2

25

metal salt of amine, silazane and disilazane; R” is a single
bond or a divalent inactive hydrocarbon group; R°® and R’ are
independently a monovalent aliphatic hydrocarbon group
having a carbon number of 1-20 or a monovalent aromatic
hydrocarbon group having a carbon number of 6-18; n 1s an
integer of 0-2; when plural OR’s are existent, these OR’s may
be same or different; active protons and onium salts are not
included 1n the carbanion reactive compound; and/or a partial
condensate thereof, and a hydrocarbyloxysilane compound
represented by the following formula (IV):

RE

£

Si—(OR%),._, (IV)

wherein R® and R” are independently a monovalent aliphatic
hydrocarbon group having a carbon number of 1-20 or a
monovalent aromatic hydrocarbon group having a carbon
number of 6-18; p is an integer of 0-2; when plural OR’s are
existent, these OR”s may be same or different; active proton
and onium salt 1s not included 1n the molecule; and/or a partial
condensate thereof.

14. A polymerization initiator characterized by the follow-
ing formula (V):

o . (V)
\ /
N—R’—N
/ \
V2 M!

wherein R' and R are independently an alkyl or aryl group
having a carbon number of 1-20 or a substituted silyl group;
R” is an alkylene or arylene group having a carbon number of
1-12 provided that it may include a hetero atom provided that
it has does not have an active proton; Y~ is a substituted silyl
group; apartofR', R*, R” and Y may be bonded to each other
to form a cyclic structure; M' is an alkali metal, an alkaline
carth metal salt or an alkaline earth metal alkyl group.

15. A polymerization initiator solution resulting from the
addition of a diamine compound represented by the following

tformula (VI):

(VD)

R/ R?
\ /
N—R3— N\

H/ H

wherein R' and R* are independently an alkyl or aryl group
having a carbon number of 1-20 or a hydrogen atom; R” is an
alkylene or arylene group having a carbon number of 1-12
provided that 1t may include a hetero atom provided that it has
does not have an active proton; a part of R*, R* and R® may be
bonded to each other to form a cyclic structure, with a silyl
compound represented by the following formula (VII):

Y2—X? (VII)

wherein Y~ is a substituted silyl group; X~ is one selected from
the group consisting of a halogen atom, a thioalkyl group
having a carbon number o1 1-20, cyano group and trifluorom-
cthylsulfonyl group, and the subsequent addition of an
organic alkali metal compound or an organic alkaline earth
metal compound thereto.

16. A method of producing a polymerization initiator, char-
acterized 1n that (1) a diamine compound represented by the
following formula (VI):
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(VD)

R/ R?
\ /
N—R’ — N\

H/ H

wherein R' and R” are independently an alkyl or aryl group
having a carbon number of 1-20 or a hydrogen atom; R’ is an
alkylene or arylene group having a carbon number of 1-12
provided that 1t may include a hereto atom provided that 1t
does not have an active proton; a part of R', R* and R® may be
bonded to each other to form a cyclic structure, 1s added with
a silyl compound of represented by the following formula

(VII):

YZ—X? (VID)

wherein Y~ is a substituted silyl group; X* is one selected from
the group consisting ol a halogen atom, a thioalkyl group
having a carbon number ot 1-20, cyano group and trifluorom-
cthylsulfonyl group, to form a silylated diamine compound
represented by the following formula (VIII):

(VIIT)

R/ R?
\ /
N—R’—N
/ \
Y? 1

wherein R' and R* are independently an alkyl or aryl group
having a carbon number of 1-20 or a substituted silyl group;

R is an alkylene or arylene group having a carbon number of
1-12 provided that it may include a hetero atom provided that

it has does not have an active proton; Y~ is a substituted silyl
group; apartof R', R*, R” and Y* may be bonded to each other
to form a cyclic structure; and

(1) the said silylated diamine compound 1s added with an
organic alkali metal compound or an organic alkaline
carth metal compound to form a polymerization iitiator
represented by the following formula (V)

ol o2 (V)
\ /
N—R’*—N
/ \
Y2 M

wherein R and R” are independently an alkyl or aryl group
having a carbon number of 1-20 or a substituted silyl group;
R is an alkylene or arylene group having a carbon number of
1-12 provided that 1t may include a hetero atom provided that
it has does not have an active proton; Y~ is a substituted silyl
group; apartof R', R*, R” and Y may be bonded to each other
to form a cyclic structure; M is an alkali metal, an alkaline
carth metal salt or an alkaline earth metal alkyl group.

17. A method of producing a polymerization initiator
according to claim 16, whereinn X~ in the formula (VII) is a
halogen atom.

18. A method of producing a modified conjugated diene

polymer, characterized in that (1) a diamine compound repre-
sented by the formula (VI):
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R! R? A
\ /
N—R?— N\
H/ H

wherein R' and R* are independently an alkyl or aryl group
having a carbon number of 1-20 or a hydrogen atom; R is an
alkylene or arylene group having a carbon number of 1-12
provided that 1t may include a hereto atom provided that it
does not have an active proton; a part of R', R* and R” may be
bonded to each other to form a cyclic structure, 1s added with
a s1lyl compound represented by the following formula (VII):

Y2—X? (VII)

wherein Y~ is a substituted silyl group; X~ is one selected from
the group consisting of a halogen atom, a thioalkyl group
having a carbon number of 1-20, cyano group and trifluorom-
cthylsulfonyl group, to form a silylated diamine compound
represented by the following formula (VIII);

(VIII)

R! R?
\ /
N—R’—N
/ \
Y2 H

wherein R" and R” are independently an alkyl or aryl group
having a carbon number of 1-20 or a substituted silyl
group; R° is an alkylene or arylene group having a car-
bon number of 1-12 provided that it may include a hetero
atom provided that 1t has does not have an active proton;
Y~ is a substituted silyl group; apartof R, R*, R”> and Y~
may be bonded to each other to form a cyclic structure;

(11) the silylated diamine compound i1s added with an
organic alkali metal compound or the organic alkaline
carth metal compound to form the polymerization 1ni-
tiator represented by the following formula (V);

ol o2 (V)
\ /
N—R’—N
/ \
v?2 M!

wherein R' and R” are independently an alkyl or aryl group
having a carbon number of 1-20 or a substituted silyl group;
R is an alkylene or arylene group having a carbon number of
1-12 provided that it may include a hetero atom provided that
it has does not have an active proton; Y~ is a substituted silyl
group; apartof R', R*, R” and Y~ may be bonded to each other
to form a cyclic structure; M' is an alkali metal, an alkaline
carth metal salt or an alkaline earth metal alkyl group, and

(111) the polymerization initiator 1s used to polymerize a

conjugated diene compound or polymerize a conjugated
diene compound and aromatic vinyl compound.

19. A modified conjugated diene polymer obtained by
using a polymerization initiator solution as claimed in claim
15 and polymerizing a conjugated diene compound or a con-
jugated diene compound and an aromatic vinyl compound.

20. A method of producing a modified conjugated diene
polymer, characterized in that (1) a diamine compound repre-
sented by the following formula (VI):
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(VD)

R/ R2
\ /
N—R — N\

H/ H

wherein R' and R* are independently an alkyl or aryl group
having a carbon number of 1-20 or a hydrogen atom; R” is
having a carbon number of 1-12 provided that 1t may include
a hereto atom provided that 1t does not have an active proton;
a part of R', R* and R® may be bonded to each other to form

a cyclic structure, 1s added with a silyl compound represented
by the following formula (VII):

Y2—X? (VII)

wherein Y~ is a substituted silyl group; X~ is one selected from
the group consisting ol a halogen atom, a thioalkyl group
having a carbon number ot 1-20, cyano group and trifluorom-
cthylsulfonyl group, to form a silylated diamine compound
represented by the following formula (VIII);

(VIIT)

R/ R?
\ /
N—R’—N
/ \
Y? 1

wherein R' and R are independently an alkyl or aryl group
having a carbon number of 1-20 or a substituted silyl group;
R is an alkylene or arylene group having a carbon number of
1-12 provided that 1t may include a hetero atom provided that
it has does not have an active proton; Y~ is a substituted silyl
group; a part of R', R*, R’ and Y* may be bonded to each other
to form a cyclic structure;

(11) the silylated diamine compound 1s added with an
organic alkali metal compound or the organic alkaline
carth metal compound to form the polymerization 1ni-
tiator of the formula (V):

ol o2 (V)
\ /
N—R’—N
/ \
v2 M!

wherein R" and R” are independently an alkyl or aryl group
having a carbon number of 1-20 or a substituted silyl
group; R° is an alkylene or arylene group having a car-
bon number of 1-12 provided that it may include a hetero
atom provided that 1t has does not have an active proton;
Y* is asubstituted silyl group; a part of R', R*, R® and Y~
may be bonded to each other to form a cyclic structure;
M"' is an alkali metal, an alkaline earth metal salt or an
alkaline earth metal alkyl group;

(111) the polymerization initiator 1s added to a solution

containing a conjugated diene compound to produce a
low molecular weight polymer represented by the fol-
lowing formula (IX):
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(I1X)

R/ RZ
\ /
N—R’*—N
/
V2 Oli-M!

wherein R' and R* are independently an alkyl or aryl group
having a carbon number of 1-20 or a substituted silyl group;
R is an alkylene or arylene group having a carbon number of
1-12 provided that it may include a hetero atom provided that
it has does not have an active proton; Y~ is a substituted silyl
group M' is an alkali metal, an alkaline earth metal salt or an
alkaline earth metal alkyl group; a part of R', R*, R® and Y~
may be bonded to each other to form a cyclic structure; Oli 1s
an oligomer or polymer portion formed by polymerizing
3-300 conjugated diene compounds; and
(1v) the low molecular weight polymer 1s added to a solu-
tion containing a conjugated diene compound or a solu-
tion containing a conjugated diene compound and an
aromatic vinyl compound.
21. A method of producing a modified conjugated diene
polymer, characterized in that (1) a diamine compound repre-
sented by the following formula (VI):

(VD)

R/ R?
\ /
N—R?— N\

H/ H

(wherein R' and R are independently an alkyl or aryl group
having a carbon number of 1-20 or a hydrogen atom; R is an
alkylene or arylene group having a carbon number of 1-12
provided that 1t may include a hereto atom provided that it
does not have an active proton; a part of R', R* and R” may be
bonded to each other to form a cyclic structure) 1s added with
a s1lyl compound represented by the following formula (VII):

Y?—X? (VID)

(wherein Y~ is a substituted silyl group; X~ is one selected
from the group consisting of a halogen atom, a thioalkyl
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group having a carbon number of 1-20, cyano group and
trifluoromethylsultonyl group) to form a silylated diamine
compound represented by following formula (VIII):

(VIIT)

R/ R?
\ /
N—R’—N
/ \
Y2 H

(wherein R' and R* are independently an alkyl or aryl group
having a carbon number of 1-20 or a substituted silyl group;
R is an alkylene or arylene group having a carbon number of
1-12 provided that it may include a hetero atom provided that
it has does not have an active proton; Y~ is a substituted silyl
group; apartof R', R*, R” and Y* may be bonded to each other
to form a cyclic structure);

(11) the silylated diamine compound 1s added to a solution
containing a conjugated diene compound or a solution
containing a conjugated diene compound and an aro-
matic vinyl compound; and

(111) the solution 1s further added with an organic alkali
metal compound or an organic alkaline earth metal com-
pound.

22. A rubber composition characterized as including a
modified conjugated diene polymer as claimed 1n claim 1 as
a rubber component.

23. A rubber composition according to claim 22, wherein a
content of the modified conjugated diene polymer 1s not less
than 10% by mass 1n the rubber component.

24. A rubber composition according to claim 22, which 1s
sulfur-crosslinking.

25. A rubber composition according to claim 22, which 1s
compounded with 10-100 parts by mass in total of carbon
black and/or an inorganic filler per 100 parts by mass of the
rubber component.

26. A rubber composition according to claim 235, wherein
10-100 parts by mass of silica as the morganic filler 1s com-
pounded per 100 parts by mass of the rubber component.
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